Anaplastic thyroid carcinoma (ATC) is difficult to distinguish from other cancers, especially when its pathological features are atypical for ATC or when the tumor is totally undifferentiated and occurs after a considerable lapse of time, in an area remote from the original site of the tumor. Here, we present two patients (68-year-old man and 56-yearold woman) with rare manifestations of ATC, which were initially thought to be other malignancies. Immunohistochemical tests, using various markers, failed to provide information about the origin of these tumors. However, both patients had a history of papillary thyroid carcinoma (PTC) from several years ago and BRAF mutations were observed in the undifferentiated tumors, as well as in the previous PTCs. Therefore, we could make a diagnosis of ATC derived from PTC. As such, BRAF mutation analysis may serve as a useful tool for ATC diagnosis in challenging ATC cases.
INTRODUCTION
Although anaplastic thyroid carcinoma (ATC) is a highly aggressive thyroid gland malignancy with a median survival of 3 to 5 months, there are currently no adequate treatment options (1) . ATC is known to be difficult to distinguish from other poorly differentiated neoplasms or soft tissue sarcomas, especially when it manifests in an area remote from the original tumor, because it often lacks differentiating attributes.
BRAF is the most commonly mutated gene in thyroid cancer. The prevalence of BRAF mutations in papillary thyroid carcinoma (PTC) ranges from 27.3% to 87.1% (2, 3) , and is significantly higher in Asia, especially Korea, in comparison to western countries. However, BRAF mutations are detected in only 25% of ATC cases (4) , and the diagnostic roles of these mutations in ATCs remain elusive.
Here, we present two patients with rare manifestations of ATC, which were initially thought to be other malignancies. BRAF mutations were present in their ATCs, as well as in their primary PTCs, providing a vital clue for their final diagnosis.
CASE DESCRIPTION

Case 1
A 68-year-old man complained of a neck mass with laryngeal invasion and underwent a wide excision of the thyroid bed and a complete laryngectomy in October 2010. The patient was initially diagnosed with a sarcomatoid carcinoma of the neck with unusual histology. The tumor showed epithelioid-tubular structures containing mucin pools, with a fibrous or sarcomatous background, which is not consistent with the typical morphological features of ATC ( Fig. 1A and 1B) . The patient received adjuvant radiotherapy (42 Gy) and chemotherapy. However, the size of the residual neck mass and lung nodules increased, and the patient died 9 months after their last operation.
The patient had a history of total thyroidectomy for a PTC 6 years previously. In addition, the patient underwent a dissection of neck lymph nodes for PTC recurrence and a total of 200 mCi of radioactive iodine ( ry PTC samples could not be included due to their poor quality. High expression levels of thyroid transcription factor-1 (TTF-1), thyroglobulin (Tg), paired box gene 8 (PAX8), and human bone marrow endothelial cell-1 (HBME-1) were observed in the recurrent node, but not in the laryngeal mass (Table 1) . Other data obtained through IHC testing showed identical results for both the recurrent neck node and the laryngeal tumor: positivity for vimentin, p53, cytokeratin (CK) 7 ( Fig. 1C) , and galectin-3; focal positivity for CK19; and negativity for CK20. Although the histopathological findings, as well as the IHC results, of the undifferentiated larynx tumor did not suggest that it originated from the thyroid, the positive result for the BRAF V600E mutation, by direct sequencing, indicated a possible PTC origin for the ATC (Fig.  1D ). Thus, we performed a BRAF mutation analysis using IHC on metastatic PTC samples in the patient's neck lymph nodes ( Fig. 1E ), which subsequently revealed the presence of a BRAF mutation (Fig. 1F ). This suggests that the laryngeal mass could have been an anaplastic transformation from the PTC, rather than a primary sarcomatoid carcinoma of the larynx.
Case 2
A 56-year-old woman was admitted with a generalized tonicclonic seizure on October 2013. Subsequent imaging studies found a 2.9 × 2.8 cm mass in the left parietal lobe of brain. Although a gamma knife surgery was performed, the tumor size increased to 5.5 × 5.1 cm over the 5 months following the surgery. Craniotomy and tumor removal were performed and histopathological findings suggested an undifferentiated carcinoma, the origin of which was difficult to determine ( Fig. 2A) . The patient died one month later owing to rapid growth of the brain tumor. The patient's clinical history revealed that she had been diagnosed with a PTC 12 years previously for which she had undergone a total thyroidectomy with neck node dissection followed by a total of 390 mCi of 131 I therapy. The patient exhibited no further signs of disease for 11 years after the treatment, until a palpable neck mass was detected in 2014. She was subsequently diagnosed with PTC recurrence and received a neck mass excision with a modified radical neck node dissection.
The histopathological findings of her brain tumor were different from those obtained from the recurrent PTC, and the serum Tg level at the time was only 3.22 ng/mL (reference range 0-52 ng/mL) with an anti-Tg level of 57 U/mL (reference range 0-60 U/mL) and a thyroid stimulating hormone (TSH) level of < 0.05 μIU/mL (reference range 0.4-4.1 μIU/mL). However, given the PTC history, IHC testing, using various markers, was performed to identify whether the tumor had originated from the PTC or from another source ( Table 1 ). The expression levels of CK7, CK20, and HBME-1 were consistent with those found from the tissue samples. However, thyroid specific markers (TTF-1 and Tg) were present in lower levels in the recurrent neck node and were totally absent in the brain tumor (Fig. 2B) . On the other hand, vimentin and p53 had high expression levels, and the PAX8 level was consistently maintained (Table 1, Fig. 2C ). Considering the fact that BRAF mutations persist when a brain tumor originates from a PTC with a BRAF mutation, we performed BRAF analyses on the samples. All tissues were positive for the BRAF mutation-specific IHC (Fig. 2D) , and the BRAF mutation was confirmed by the direct sequencing of the brain tumor as well as the neck node lesion having features of hobnail-pattern papillary carcinomas (Fig. 2E and 2F ). Based on these results, we concluded that her brain tumor was an anaplastic transformation originating from her PTC.
DISCUSSION
Although ATCs may appear de novo, in most cases, they develop by dedifferentiation from preexisting differentiated thyroid carcinoma. Therefore, ATCs often have clinicopathological features originating from the thyroid, which allow for their clear diagnosis. However, in some cases, when an ATC develops in an area remote from the underlying thyroid cancer after a considerable lapse of time and only has undifferentiated histological characteristics, the distinction between ATCs and other undifferentiated neoplasms or soft tissue sarcomas becomes difficult. Common histological features used for ATC diagnosis are its characteristic epithelioid-squamous and sarcomatoid appearances. The latter is the most frequent patterns seen in ATC and is characterized by the presence of spindle and giant cells in the tissue (5-7) . In our first patient, the laryngeal tumor showed an atypical histological profile, with tubular structures containing mucin pools with a sarcomatous background. In addition, IHC testing was not able to convincingly prove that the malignancy originated from the thyroid: the test results were negative for TTF-1, Tg, and PAX8. However, the patient had a history of PTC and there was no clinical evidence of another origin. Moreover, both the laryngeal lesion and the recurrent node were positive for the presence of a BRAF mutation, which helped to diagnose the laryngeal tumor as an anaplastic transformation from a previous PTC. Our second patient also had a history of PTC without any other primary malignancies. Her metastatic brain tumor could be diagnosed as an ATC, owing to the consistent levels of PAX8 expression in her IHC samples. In addition, since a BRAF mutation was found in her PTC samples, as well as in those obtained from her brain tumor, we could further confirm the validity of our diagnosis. In both patients, we excluded a diagnosis of cutaneous melanoma, in which BRAF mutations can be detected, because of the negative IHC results of tumor markers for melanoma such as S-100, HMB-45, and Melan-A. Considering the high prevalence of BRAF mutations in PTCs, genetic screening of BRAF mutations can serve as a useful tool for diagnosing ATCs suspected to have arisen from a dedifferentiation of a PTC.
Previous studies suggest that TTF-1 and Tg immunoreactivities are lacking in typical ATCs (8, 9) and that loss-of-function mutations in the p53 gene contribute to the progression of a PTC into an ATC (10, 11) . Similarly, our cases demonstrated that as a well-differentiated PTC progresses to an ATC, the immunoreactivities of TTF-1 and Tg decrease, while those of p53 increase. Furthermore, unlike TTF-1 and Tg, the expression of PAX8 is known to be often retained in ATCs (12) . In our first case, the ATC in larynx tested negative for PAX8, but positive for BRAF. This suggests that BRAF could be a more accurate marker than PAX8 for distinguishing ATCs from head and neck cancers in cases of ATC transformed from a BRAF-mutated PTC.
In both the presented cases, a BRAF mutation was detected through both DNA-based direct sequencing and IHC staining, using the mutation-specific antibody clone. Ilie et al. (13) have previously reported that the sensitivity and specificity of BRAF IHC were 98.7% and 100%, respectively. Although direct sequencing assays are the standard method for detecting BRAF mutations, IHC testing for BRAF can be used as a replacement when DNA extraction is difficult due to poor-quality formalin-fixed paraffin-embedded samples, or when quicker results are required.
In conclusion, our cases indicated that BRAF mutation analysis could be an effective diagnostic tool for ATCs, particularly when the patient has a history of PTC and when it is difficult to clinicopathologically distinguish ATCs from the undifferentiated tumors originating from other organs.
